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~ 510
Receive one or more queries from one or more "
! users of a business intelligence application |
520
l For each query that is executed against a
| database, log data associated with the query
| within the database
530
Generate performance data based on an
analysis of the logged data
- 540
| Generate one or more performance queries of §/
: the performance data
950

i Re-execute at least one query of the one or |
| more queries based on the performance data |
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BUSINESS INTELLIGENCE PERFORMANCE
ANALYSIS SYSTEM

FIELD

One embodiment 1s directed to a computer system, and
more particularly, to a computer system that processes busi-
ness itelligence analytics data.

BACKGROUND

Business 1ntelligence 1s defined as the ability for an orga-
nization to take all its capabilities and convert them 1nto
knowledge, ultimately getting the right information to the
right person at the right time via the right channel. Business
intelligence analytic applications provide mformation tech-
nology professionals the power to bring together diverse data,
resulting 1n better alignment with the information technology
proiessional’s business, and a more agile information tech-
nology organization. Furthermore, business professions can
gain access to various types of information they need using
business intelligence analytic applications, 1n addition to
freedom to explore the information 1n an unconstrained and
intuitive manner using advanced search visualizations. Busi-
ness intelligence analytic applications can provide support
for guided exploration, search, and analysis on any kind of
information: structured, semi-structured or unstructured data,
either from inside an organization or from external services.

SUMMARY

One embodiment 1s directed to a performance analysis
system that analyzes a performance of a business intelligence
analytics application. The performance analysis system
receives one or more queries from one or more users of the
business intelligence analytics application, where a response
to each query includes one or more attributes stored within a
database, and where each query 1s associated with a user, a
modular component, and an action. The performance analysis
system further, for each query that 1s executed against the
database, logs data associated with the query within the data-
base, where the logged data includes the user, the modular
component, and the action. The performance analysis system
turther generates performance data based on an analysis of
the logged data, where the performance data includes data
associated with one or more performance metrics of each
query of the one or more queries, and wherein the perfor-
mance data 1s stored within one of the database or a second
database. The performance analysis system further generates
one or more performance queries of the performance data,
where a response to each performance query includes at least

a portion of the one or more performance metrics stored
within the database.

BRIEF DESCRIPTION OF THE DRAWINGS

Further embodiments, details, advantages, and modifica-
tions will become apparent from the following detailed
description of the preferred embodiments, which 1s to be
taken 1n conjunction with the accompanying drawings.

FI1G. 1 1llustrates a block diagram of a performance analy-
s1s system that can implement an embodiment of the inven-
tion.

FI1G. 2 illustrates another block diagram of a performance
analysis system, according to an embodiment of the mven-
tion.
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FIG. 3 illustrates an example user interface of a perfor-
mance analysis system, according to an embodiment of the

invention.

FIG. 4 illustrates another example user interface of a per-
formance analysis system, according to another embodiment
of the mvention.

FIG. § illustrates a flow diagram of the functionality of a
performance analysis module, according to an embodiment
of the mvention.

DETAILED DESCRIPTION

According to an embodiment, logged data within a search-
analytical database can be analyzed, and performance data
can be generated based on the logged data, where the pertor-
mance data indicates the performance of the search-analytical
database based on one or more queries generated by a busi-
ness intelligence application. The performance data can be
integrated to a particular user action within the business intel-
ligence application. The integrated performance data can
identily performance bottlenecks and provide a holistic char-
acterization of the performance of the business intelligence
application and search-analytical database. The integrated
performance data can reveal sources of latency and perfor-
mance hotspots. As described 1n this specification, a “com-
puter application,” “software application,” or “application” 1s
any collection of computer programs and/or modules. Fur-
thermore, the integrated performance data could be used to
re-execute one or more queries that have been previously
executed and recorded against actual data. The re-execution
of the one or more queries can provide performance data that
cannot be ascertained from the logged data, such as number of
dimensions and results that are returned, and resources con-
sumed during query processing.

Known business intelligence systems can log data, and
produce pre-defined performance metrics, based on metrics
that a user has previously 1dentified. However, known busi-
ness intelligence systems generally do not allow a user to
assess performance based on metrics that the user has not
previously 1dentified. Furthermore, known performance
analysis tools are generally designed to increase user tratfic,
rather than i1dentify and address performance bottlenecks.
Furthermore, known business intelligence systems generally
require a user to define a specific tool to analyze logged data,
and generally do not provide a framework to automatically
generate and deliver performance metric data to the user.
Furthermore, known business intelligence systems generally
do not allow a user to analyze performance in the context of
original data. Instead, in known systems, performance analy-
s1s 1s generally performed 1n special “test” environments.

According to an embodiment, in contrast with known busi-
ness mtelligence systems, a performance analysis application
can be operably integrated with a search-analytical database.
In test scenarios, or in production scenarios with “live” data,
logging capabilities of the search-analytical database can be
initiated. During normal operation, or during specifically-
defined “test” operations, the logging capabilities of the
search-analytical database can log data. In certain embodi-
ments, a second instance of the search-analytical database can
be used to analyze the logged data, and interactively provide
a view as to the performance of the search-analytical data-
base. In other embodiments, the original instance of the
search-analytical database can be used to analyze the logged
data, at the same time that the search-analytical database
provides functionality to one or more business intelligence
applications. For example, the search-analytical database can
provide functionality to an electronic commerce application,
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where a user of the electronic commerce application can
query the search-analytical database looking for t-shirts with
specific colors. While the search-analytical database pro-
cesses the user’s queries, and returns results, an administrator
can perform one or more performance-related queries, with
both actions occurring in parallel 1n the same search-analyti-
cal database instance. The performance analysis application
can analyze a series ol data points (with some of the data
points being the logged data within the search-analytical
database), and, based on the analysis, the performance analy-
s1s application can produce a composite performance analysis
that can be displayed to a user.

FIG. 1 illustrates a block diagram of a performance analy-
s1s system 10 that can implement one embodiment of the
invention. Performance analysis system 10 includes a bus 12
or other communications mechanism for communicating
information between components of system 10. Performance
analysis system 10 also includes a processor 22, operatively
coupled to bus 12, for processing information and executing
instructions or operations. Processor 22 may be any type of
general or specific purpose processor. Performance analysis
system 10 further includes a memory 14 for storing informa-
tion and instructions to be executed by processor 22. Memory
14 can be comprised of any combination of random access
memory (“RAM™), read only memory (“ROM”), static stor-
age such as a magnetic or optical disk, or any other type of
machine or computer-readable medium. Performance analy-
s1s system 10 further includes a communication device 20,
such as a network interface card or other communications
interface, to provide access to a network. As a result, a user
may interface with performance analysis system 10 directly,
or remotely through a network or any other method.

A computer-readable medium may be any available
medium that can be accessed by processor 22. A computer-
readable medium may include both a volatile and nonvolatile
medium, a removable and non-removable medium, a com-
munication medium, and a storage medium. A communica-
tion medium may include computer readable instructions,
data structures, program modules or other data 1n amodulated
data signal such as a carrier wave or other transport mecha-
nism, and may include any other form of information delivery
medium known 1n the art. A storage medium may include
RAM, flash memory, ROM, erasable programmable read-
only memory (*EPROM”), electrically erasable program-
mable read-only memory (“EEPROM”), registers, hard disk,
a removable disk, a compact disk read-only memory (“*CD-
ROM™), or any other form of storage medium known in the
art.

Processor 22 can also be operatively coupled via bus 12 to
a display 24, such as a Liquid Crystal Display (“LCD”).
Display 24 can display information to the user. A keyboard 26
and a cursor control device 28, such as a computer mouse, can
also be operatively coupled to bus 12 to enable the user to
interface with performance analysis system 10.

According to one embodiment, memory 14 can store soft-
ware modules that may provide functionality when executed
by processor 22. The modules can include an operating sys-
tem 15, a performance analysis module 16, as well as other
functional modules 18. Operating system 15 can provide an
operating system functionality for performance analysis sys-
tem 10. Performance analysis module 16 can provide func-
tionality for analyzing a performance of a business intelli-
gence analytics application, as will be described 1n more
detail below. In certain embodiments, performance analysis
module 16 can comprise a plurality of modules, where each
module provides specific individual functionality for analyz-
ing a performance of a business intelligence analytics appli-
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cation. Performance analysis system 10 can also be part of a
larger system. Thus, performance analysis system 10 can
include one or more additional functional modules 18 to
include the additional functionality. For example, functional
modules 18 may include modules that provide additional
functionality, such as the “Latitude” business intelligence
platform from Oracle Corp.

Processor 22 can also be operatively coupled via bus 12 to
a database 34. Database 34 can store data in an integrated
collection of logically-related records or files. Database 34
can be an operational database, an analytical database, a data
warehouse, a distributed database, an end-user database, an
external database, a navigational database, an in-memory
database, a document-oriented database, a real-time data-
base, a relational database, an object-oriented database, or
any other database known 1n the art.

FIG. 2 1llustrates another block diagram of a performance
analysis system, according to an embodiment of the mven-
tion. According to the embodiment, the performance analysis
system includes a search-analytical database engine 200.
Search-analytical database engine 200 1s a hybrid search-
analytical database that provides support for gmided explora-
tion, search, and analysis on structured data, semi-structured
data, or unstructured data. Search-analytical database engine
200 can be a vertical record store, where data 1s stored 1n a
columnar format. Search-analytical database engine 200
stores each column of data on a combination of disk and
memory 1n two sort orders: by value and also by a universal
record key 1dentifier. Each column of search-analytical data-
base engine 200 contains a tree-structured index that 1s
cached in memory. In alternate embodiments, the perfor-
mance analysis system can include additional databases in
addition to search-analytical database engine 200 (not shown
in FIG. 2), where some or all of the additional databases are
hybrid search-analytical databases. In one embodiment,
search-analytical database engine 200 1s implemented by
database 34 of FIG. 1.

According to the embodiment, search-analytical database
engine 200 can include a single table that includes a plurality
of records, where each record has its own self-describing
schema. For example, a first record can include a primary key
and a value, whereas a second record can include a primary
key, six secondary keys, fifteen different column values, and
link to external content. Search-analytical database engine
200 can receive one or more query requests, and, 1n response,
can perform one or more queries to retrieve one or more sets
of records. The data contained in the one or more sets of
records can be “ragged.” In other words, certain columns of
the table that are returned can include data, and other columns
of the table that are returned may not include data. A query
can ask for certain columns of the table. In response to a
query, search-analytical database engine 200 can recommend
other columns of the table to add to query to refine data
results.

Search-analytical database engine 200 can accommodate
any type of data, including structured data, semi-structured
data, and unstructured data. Search-analytical database
engine 200 can process and respond to a plurality of queries in
sub-second intervals, and can accommodate additions, sub-
tractions, and changes 1n one or more data sources. Search-
analytical database engine 200 can utilize a faceted data
model, where there 1s no overarching schema for the data,
and, istead, every record includes its own schema. Thus,
search-analytical database engine 200 can automatically
identify a relationship between records based on one or more
shared attributes through indexing of specific data attributes.
Once data 1s loaded within search-analytical database engine
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200, search-analytical database engine 200 can derive com-
mon dimensions and metrics from available metadata asso-
ciated with the data, exposing the data for high-performance
refinement and analysis as 1s described below in greater
detail.

Search-analytical database engine 200 can support
searches, queries, filters, and analytics. Regarding searches,
search-analytical database engine 200 can support text-based
searches of the data stored within search-analytical database
engine 200. Such text-based searches can include positional
searches, Boolean searches, wildcard searches, natural lan-
guage searches, category searches, and query clarification
dialog searches. Such text-bases searches can further include
exploratory searches that allow users to clarify what 1s rel-
evant through refinements and summaries of original text-
based searches. In addition, such text-based searches can
include functionality such as type-ahead functionality and
automatic alpha-numeric spell correction functionality. Fur-
ther, search-analytical database engine 200 can support a
cascading relevance display of search results, where results
are sorted by a primary relevance strategy, and ties are broken
with a secondary strategy, and so on. Search-analytical data-
base engine 200 can also support set searches, where groups
of results are returned as well as the relationship of each
individual result to the set. Search-analytical database engine
200 can also support second-order relevance, where addi-
tional terms are provided that most effectively refine search
results.

Regarding queries and filters, search-analytical database
engine 200 supports a wide range of queries and filters that
can operate across structured, semi-structured, and unstruc-
tured data, such as navigation, interactive visualizations, ana-
lytics, range filters, geospatial filters and other query types
commonly associated with business intelligence applica-
tions. Search-analytical database engine 200 can provide
query result sets that are summarized, which can give users
guidance on how to refine and explore further. Such summa-
ries can include faceted search results, maps, charts, graphs,
tag clouds, concept clusters, and clarification dialogs. These
summaries are not explicitly asked for by the user. Instead,
search-analytical database engine 200 can provide these sum-
maries based on metadata associated with the requested data
stored within search-analytical database engine 200.

Regarding analytics, search-analytical database engine
200 can provide an analytic language that allows users to
explore aggregate and statistical views of large volumes of
data. Search-analytical database engine 200 can also support
working with a variety of data types including numerical and
date/time values that allow applications to work with tempo-
ral data, performing time-based sorting, filtering and analy-
s1s. Analytics can be written using a structured query lan-
guage that 1s supported by search-analytical database engine
200. The structured query language can allow analytical visu-
alizations that update dynamically as a user refines a current
search and navigation query. Further, analytics results sup-
port click-through to underlying record details, enabling
users to refine their navigation state directly from a view of
their analytics sub-query results. Thus, the structured query
language supports the computation of a set of analytics on
records stored within search-analytical database engine 200,
and 1n particular on the results of navigation, search and other
analytics operations. The structured query language includes
support for a wide variety of capabilities including the fol-
lowing: aggregation functions; numeric functions; composite
expressions to construct complex derrved functions; grouped
aggregations such as cross-tabulated totals over one or more
dimensions; top-k according to an arbitrary function; cross-
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grouping comparisons such as time period comparisons;
intra-aggregate comparisons such as computation of the per-
centage contribution of one region of the data to a broader
subtotal; and compositions of the above-mentioned features.

According to the embodiment, the performance analysis
system further includes a business intelligence analytics
application 210. Business intelligence analytics application
210 1s an application that can operably connect to search-
analytical database engine 200, and can allow one or more
users to explore the data stored within search-analytical data-
base engine 200. Such exploration can include text-based
searches, queries, filters, and analytics. Thus, one or more
users can explore a plurality of attributes contained within the
data of search-analytical database engine 200. Business intel-
ligence analytics application 210 further displays the data,
and allows one or more users to analyze and further refine the
data. Such data displays can include charts, tables, cross tabs,
metrics bars, tag clouds, and maps. Thus, one or more users
can create one or more summarizations of the data stored
within search-analytical database engine 200. For example,
business intelligence analytics application 210 can be
deployed 1n an auto manufacturing environment for an auto
manufacturer that performs warranty analysis (e.g., analyzes
what components of car breaks down, which assembly loca-
tion produces the best quality of products, etc.). Users of
business intelligence analytics application 210 can select all
the cars manufactured that have a color of red, can select all
the cars that are manufactured in Buffalo, can have both
summarizations displayed within a page, can pivot each sum-
marization (e.g., sort by plant, rather than by car model), and
can type 1n a text search based on the summarizations (e.g.,
search for “air conditioner”). In alternate embodiments, the
performance analysis system can include additional business
intelligence analytics applications in addition to business
intelligence analytics application 210 (not shown 1n FIG. 2),
where the additional business intelligence analytics applica-
tions provide identical or substantially similar functionality
as business intelligence analytics application 210.

Business intelligence analytics application 210 can include
a plurality of modular components that the user interacts with
to explore data stored within search-analytical database
engine 200 and to analyze data displayed within business
intelligence analytics application 210. For example, business
intelligence analytics application 210 can include a modular
component configured to provide a navigation panel (1denti-
fied as a navigation component). The navigation component
can allow a user to perform a text search of data stored within
search-analytical database engine 200, can display attribute
selections that have previously been made, as well as display
potential attribute selections that can be made 1n the future,
and can also display text filters that have been applied. In this
example, business intelligence analytics application 210 can
also 1include a modular component that displays what selec-
tions have been made (1dentified as a breadcrumb compo-
nent). Business intelligence analytics application 210 can
also include a modular component that displays a sampling of
records retrieved from search-analytical database engine 200
(1dentified as a record component). Business intelligence ana-
lytics application 210 can also include a modular component
that summarizes data retrieved from search-analytical data
engine 200 1n one or more views, such as one or more charts
(1dentified as a summarization component). According to the
embodiment, a user can imitiate one or more queries on data
stored within search-analytical database engine 200 from one
of the plurality of modular components of business intelli-
gence analytics application 210, and the one or more queries
can be associated with the modular component.
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Further, during an interaction with business intelligence
analytics application 210, a user can perform one or more
actions (such as requesting a summarization or requesting a
set of summarizations), where an action can be 1nitiated by
one or more gestures performed within a user interface of
business intelligence analytics application 210. Each action
can cause the iitiation of one or more queries of data stored
within search-analytical database engine 200, and the one or
more queries can be associated with the action. Each action
can be associated with a type, where a type 1s a grouping of
one or more actions. Furthermore, each action can include
intrinsic data, which can be metadata that describes where the
user 1s within business intelligence analytics application 210
(such as what selections the user has made, what text selec-
tion the user has created, or what summarization the user 1s
currently viewing). Furthermore, a user’s interaction with
business ntelligence analytics application 210, from begin-
ning to end, can be defined as a user session, where a user
session can include one or more actions. Each user session
can cause the mitiation of one or more queries of data stored
within search-analytical database engine 200, and the one or
more queries can be associated with the user session.

According to the embodiment, one or more users of busi-
ness 1ntelligence analytics application 210 can query data
stored within search-analytical database engine 200 through
one or more queries. The one or more queries can be created
by business intelligence analytics application 210. Each
query of the one or more queries can be associated with an
action performed by a user. Thus, an action can include one or
more queries. Further, each action of the one or more actions
can be associated with a user session of the user. Thus, a user
session can include one or more actions. In certain embodi-
ments, user session information can be inherited by an action,
and user session information and action information can be
inherited by a query. Further, each query of the one or more
queries can originate from a modular component of business
intelligence analytics application 210, where the business
intelligence analytics application 210 can include one or
more modular components. Thus, each query of the one or
more queries can be associated with a modular component of
business intelligence analytics application 210. This associa-
tion can be used to generate performance data, where the
performance data i1s associated with the specific modular
component of business intelligence analytics application 210,
as 1s described below 1n greater detail.

Business intelligence analytics application 210 can trans-
mit the one or more queries to search-analytical database
engine 200. In certain embodiments, the one or more queries
can be 1n a structured query language format. Search-analyti-
cal database engine 200 can then execute the one or more
queries against the data stored within search-analytical data-
base engine 200 to generate one or more results, where the
one or more results includes data. Search-analytical database
engine 200 can then transmit the one or more results to busi-
ness intelligence analytics application 210. Business intelli-
gence analytics application 210 can then display the one or
more results to the user within a user interface.

According to the embodiment, search-analytical database
engine 200 can log data associated with the one or more
queries. In certain embodiments, the logging performed by
search-analytical database engine 200 can be initiated by a
user mteracting with business intelligence analytics applica-
tion 210 and setting a logging flag. According to the embodi-
ment, search-analytical database engine 200 can provide two
layers of logging. The first layer of logging 1s a layer of
logging where search-analytical database engine 200 logs
data associated with each query that business intelligence
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analytics application 210 transmits to search-analytical data-
base engine 200. Such logged data can include a query arrival
time, a query completion time, and the actual query 1tself. In
certain embodiments, the query can be stored 1n an extensible
markup language (“XML”) format. The logged data can also
include metadata associated with the query. The associated
metadata can include a hypertext transier protocol (“HTTP”)
header. The logged data can also include metadata that
search-analytical database engine 200 computes for the
query. The computed metadata can 1include statistics related
to a percentage of data stores that were selected, attributes
related to the data stores that were queried, and threads that
were used to complete the query. As previously described, the
data stored within search-analytical database engine 200 can
be structured, semi-structured, or unstructured. Thus, the
logged data can also be structured, semi-structured, or
unstructured. Furthermore, depending on when 1n the query
process the logging flag 1s set, one or more types of logged
data can be generated. The logged data can be stored within
search-analytical database engine 200. In certain embodi-
ments, the logged data can be stored within one or more log
files that are stored within search-analytical database engine
200.

The second layer of logging 1s a layer of logging where
business intelligence analytics application 210 and search-
analytical database engine 200, 1n combination, log data asso-
ciated with the one or more queries, based on the modular
component of business intelligence analytics application 210
that each query originates from. Thus, the second layer of
logging 1s component-based logging. According to the
embodiment, each individual modular component of business
intelligence analytics application 210 can log activity that
occurs within the respective modular component. For
example, 1n an embodiment where business intelligence ana-
lytics application 210 includes a navigation component, a
user can view and select one or more attributes (such as
selecting one or more red-colored t-shirts) using the naviga-
tion component. Business intelligence analytics application
210 can 1dentily a selection that the user makes using the
navigation component, and a query that the navigation com-
ponent transmits to search-analytical database engine 200 can
be annotated with metadata generated by business intelli-
gence analytics application 210. The metadata can include an
identifier of a modular component, an identifier of a user
session, or an 1dentifier of an action. In combination with the
first layer of logging, search-analytical database engine 200
can log the metadata generated by business intelligence ana-
lytics application 210, 1n addition to the other logged data
described in relation to the first layer of logging. For example,
business intelligence analytics application 210 can log that a
user completes an action at time X. Business intelligence
analytics application 210 can further log that 1t received the
action at time x+1. Business intelligence analytics applica-
tion 210 can further log that 1t sent a query associated with the
action to search-analytical database engine 200 at time x+2.
After a certain period of time where search-analytical data-
base engine 200 processes the query, business intelligence
analytics application 210 can further log that it received one
or more results of the query from search-analytical database
engine 200 at time x+10. At time x+11, business intelligence
analytics application 210 can further log that 1t logged data
associated with the one or more recerved results. At time
x+12, business intelligence analytics application 210 can fur-
ther log that 1t sent the one or more results of the query to a
user interface. At time x+13, business intelligence analytics
application 210 can further log that the one or more results of
the query were displayed to the user within the user interface.
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Thus, utilizing both layers of logging, one or more user
events (such as a user clicking on a color attribute with a value
of “red” within business intelligence analysis application
210) can be 1identified, and aggregated 1nto a single represent-
able structure. The logged data that 1s generated by the two
layers of logging can then be analyzed, as 1s described below
in greater detail. In certain embodiments, the logged data
includes attributes, such as an HT'TP exchange identity, a
response size, one or more request time values, a number of
results, a queue status, and a query body. In other embodi-
ments, the logged data also includes data related to: which
content eclements were requested; selected refinements;
record filters; search terms; record sorts; page size; oflsets;
refinement configuration (1.e., exposed dimensions); analyt-
ics statement templates; analytics group bys; and analytics
sorts. In certain embodiments, where the logged data includes
an HT'TP header, the logged data can also include an 1dentifier
of a query, an 1dentifier of a user session, and an 1dentifier of
a page view ol a modular component.

According to the embodiment, the performance analysis
system further includes a performance analysis application
220. In certain embodiments, performance analysis applica-
tion 220 includes a performance analysis module (such as
performance analysis module 16 of FIG. 1). Performance
analysis application 220 1s an application that can operably
connect to search-analytical database engine 200, and that
can analyze logged data that 1s stored within search-analytical
database engine 200. In certain embodiments, logged data 1s
stored within a separate instance of search-analytical data-
base engine 200 (not shown in FIG. 2), and performance
analysis application 220 analyzes the logged data that is
stored within the separate 1instance of search-analytical data-
base engine 200. Based on an analysis of the logged data,
performance analysis application 220 can generate perfor-
mance data, and store the performance data within search-
analytical database engine 200 (or 1n certain embodiments,
the separate instance of search-analytical database engine
200). Performance analysis application 220 can further gen-
erate and perform one or more performance queries of the
performance data stored within search-analytical database
engine 200 (or 1n certain embodiments, the separate instance
of search-analytical database engine 200). The one or more
performance queries can return one or more results that cause
performance analysis application 220 to display performance
data to one or more users of performance analysis application
220 within a user interface. In certain embodiments, where
the logged data, and thus, the performance data, includes one
or more queries originally executed against the data stored
within search-analytical database engine 200, performance
analysis application 220 can re-execute the one or more que-
ries against the data stored within search-analytical database
engine 200. In alternate embodiments, the performance
analysis system can include additional performance analysis
applications in addition to performance analysis application
220 (not shown in FIG. 2), where the additional business
intelligence analytics applications provide identical or sub-
stantially similar functionality as performance analysis appli-
cation 220.

According to the illustrated embodiment, performance
analysis application 220 can analyze logged data that 1s stored
within search-analytical database engine 200. More specifi-
cally, performance analysis application 220 can identily
logged data stored within search-analytical database engine
200, and aggregate the logged data. For example, perfor-
mance analysis application 220 can aggregate logged data by
query, by action, by user session, or by modular component.
Performance analysis application 220 can subsequently
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extract the aggregated logged data and instantiate one or more
performance data records (also i1dentified as performance
data). Performance analysis application 220 can then store the
aggregated logged data into the one or more performance data
records (1.e., performance data), where the performance data
can be stored within search-analytical database engine 200.
The performance data allows performance analysis applica-
tion 220 to provide one or more users performance analysis
information regarding one or more queries that can be
executed against search-analytical database engine 200.
According to the embodiment, the performance data can
include one or more performance metrics associated with one
or more queries, where the one or more performance metrics
can be aggregated by query, by action, by user session, or by
modular component. Examples of performance metrics
include query time, system utilization, system contention,
percentage of system used, and content-oriented analysis
(e.g., what content are users querying for). In certain embodi-
ments, where the logged data includes one or more queries,
the one or more queries can be mcluded within the one or
more performance data records (1.e., performance data).

According to the embodiment, one or more users of per-
formance analysis application 220 can query performance
data stored within search-analytical database engine 200
through one or more performance queries (also identified as
performance summarizations). The one or more performance
queries can be created by performance analysis application
220. Performance analysis application 220 can transmit the
one or more performance queries to search-analytical data-
base engine 200. In certain embodiments, the one or more
performance queries can be 1n a structured query language
format. Search-analytical database engine 200 can then
execute the one or more performance queries against the
performance data stored within search-analytical database
engine 200 to generate one or more performance results,
where the one or more performance results includes perfor-
mance data. Search-analytical database engine 200 can then
transmit the one or more performance results to performance
analysis application 220. Performance analysis application
220 can then display the one or more performance results to
the user within a user interface. In certain embodiments,
performance analysis application 220 can utilize a user inter-
face that 1s 1dentical to the user interface of business intelli-
gence analysis application 210.

For example, a user of performance analysis application
220 can generate one or more performance queries, such as:
which queries of business itelligence analytics application
210 are the fastest queries; which queries of business intelli-
gence analytical application 210 are the slowest queries;
which modular components of business intelligence analyti-
cal application 210 produce the fastest queries; which modu-
lar components of business intelligence analytical application
210 produce the slowest queries; which attributes of the data
stored within search-analytical database engine 200 are
selected the most often:; which attributes of the data stored
within search-analytical database engine 200 are selected the
least often; and whether the frequency of selection affect the
time of query. Therefore, just like a business user can utilize
business intelligence analytical application 210 to generate a
query, such as “how many cars are being used for a specific
vendor,” a performance analysis user can utilize performance
analysis application 220 to generate a performance query,
such as “how many business intelligence analytical applica-
tion mstances are generating a query that runs for at least one
hundred milliseconds.”

In certain embodiments, where the performance data
includes one or more queries, performance analysis applica-
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tion 220 can re-execute the one or more queries against
search-analytical database engine 200. According to these
embodiments, performance analysis application 220 can
transmit the one or more queries to search-analytical database
engine 200. In certain embodiments, the one or more queries
can be 1n a structured query language format. Search-analyti-
cal database engine 200 can then execute the one or more
queries against the data stored within search-analytical data-
base engine 200 to generate one or more results, where the
one or more results includes data. Search-analytical database
engine 200 can then transmit the one or more results to per-
formance analysis application 220. Thus, a user of pertor-
mance analysis application 220 can recerve far more nfor-
mation than the user would recerve by simply querying the
performance data, because the user can view the results from
the actual query. For example, the user could receive infor-
mation, such as number of dimensions and results returned
and displayed, number of dimensions with refinements
returned and displayed, and resources consumed during
query processing.

FI1G. 3 1llustrates an example user interface 300 of a per-
formance analysis system, according to an embodiment of the
invention. User interface 300 displays performance data that
can be queried by a performance analysis application (such as
performance analysis application 220 of FIG. 2). For
example, user mterface 300 can display one or more pertor-
mance results, where each performance result can include
performance data, such as a command sequence, a session, a
gesture type, a duration of a command, or a load time. Per-
formance data can also include, for example, a record 1den-
tifier, or a portlet type.

FI1G. 4 illustrates another example user interface 400 of a
performance analysis system, according to another embodi-
ment of the mvention. User interface 400 displays perfor-
mance data that can be queried by a performance analysis
application (such as performance analysis application 220 of
FIG. 2). For example, user interface 400 can display one or
more performance results, where each performance result can
include performance data, such as performance metrics.
Examples of performance metrics include query time, system
utilization, system contention, percentage of system used,
and content-oriented analysis (e.g., what content are users
querying for).

FIG. 5 illustrates a flow diagram of the functionality of a
performance analysis module (such as performance analysis
module 16 of FIG. 1), according to an embodiment of the
invention. In one embodiment, the functionality of the flow
diagram of FIG. §, described below, 1s implemented by sofit-
ware stored 1n a memory or some other computer-readable or
tangible medium, and executed by a processor. In other
embodiments, the functionality may be performed by hard-
ware (e.g., through the use of an application specific inte-
grated circuit (“ASIC”), a programmable gate array (“PGA”),
a field programmable gate array (“FPGA”), etc.), or any com-
bination of hardware and software.

The tflow begins and proceeds to 510. At 510, one or more
queries are recerved from one or more users of a business
intelligence analytics application. Each query can include a
request for a plurality of attributes stored within a database,
and a response to each query can include the plurality of
attributes stored within the database. Each query can also be
associated with a user of the business intelligence analytics
application, a modular component of the business intelli-
gence analytics application, and an action of the business
intelligence analytics application. The database can be a
hybrid search-analytical database. The hybrid-search analyti-
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cal database can include a plurality of records, where each
record includes 1ts own self-describing schema. The tlow then
proceeds to 420.

At 520, for each query that1s executed against the database,
data associated with the query within the database 1s logged.
The logged data can include the user of the business intelli-
gence analytics application, the modular component of the
business intelligence analytics application, and the action of
the business intelligence analytics application. The logged
data can be stored within the database. In alternate embodi-
ments, the logged data can be stored 1n an alternate location,
such as a log file. The logged data can further include at least
one query of the one or more queries. The at least one query
can be stored in an XML format. Further, the logged data can
include, for each query of the at least one query, a query
arrival time and a query completion time. The logged data can
turther include metadata associated with at least one query of
the one or more queries. The metadata can include atleast one
of: a HT'TP header, a percentage of data stores that were
selected, one or more attributes related to the data stores, or
one or more threads used to complete at least one query of the
one or more queries. The flow then proceeds to 530.

At 530, performance data 1s generated based on an analysis
of the logged data. The performance data can include data
associated with one or more performance metrics of each
query of the one or more queries. The performance data can
be stored within the database. In alternate embodiments, the
performance data can be stored 1n an alternate location, such
as a second database. The performance data can include the
user of the business intelligence analytics application, the
modular component of the business intelligence analytics
application, and the action of the business intelligence ana-
lytics application. The performance data can further include
at least one query of the one or more queries. The at least one
query can be stored 1n an XML format. Further, the perfor-
mance data can include, for each query of the at least one
query, a query arrival time and a query completion time. The
performance data can be aggregated by at least one of, a
query, a user of the business intelligence analytics applica-
tion, a modular component of the business intelligence ana-
lytics application, and an action of the business intelligence
analytics application. The performance metrics can include,
for each query of the one or more queries, at least one of,
query time, system utilization, system contention, percentage
of system used, or query content. The flow then proceeds to
540.

At 540, one or more performance queries of the perfor-
mance data 1s generated. A response to each performance
query can include at least a portion of the one or more per-
formance metrics stored within the database. The tlow then
proceeds to 550.

At 550, at least one of the one or more queries included
within the performance data 1s re-executed against the data-
base. The tflow then ends.

Thus, according to an embodiment, a performance analysis
application can provide a back-end guided navigation inves-
tigative analysis of performance data that 1s generated for a
business 1ntelligence analytical application. Such analysis
allows results to be obtained such as: the distribution of num-
ber of exposed dimensions actually returned in query results
during all guided navigations of a test scenario; whether there
1s an 1nteresting relationship between query latency and num-
ber of queries processed concurrently; whether different
“oroup by” operations are more expensive than others;
whether more data 1s being returned to a business intelligence
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analytical application than 1s actually needed; and the number
ol the slowest 1% of queries that are analytics versus guided
navigations.

The features, structures, or characteristics of the invention
described throughout this specification may be combined 1n
any suitable manner in one or more embodiments. For
example, the usage of “one embodiment,” “some embodi-
ments,” “certain embodiment,” “certain embodiments,” or
other similar language, throughout this specification refers to
the fact that a particular feature, structure, or characteristic
described 1n connection with the embodiment may be
included 1n at least one embodiment of the present invention.
Thus, appearances of the phrases “one embodiment,” “some
embodiments,” “a certain embodiment,” “certain embodi-
ments,” or other similar language, throughout this specifica-
tion do not necessarily all refer to the same group of embodi-
ments, and the described features, structures, or
characteristics may be combined in any suitable manner 1n
one or more embodiments.

One having ordinary skill 1n the art will readily understand
that the invention as discussed above may be practiced with
steps 1n a different order, and/or with elements in configura-
tions which are different than those which are disclosed.
Theretore, although the invention has been described based
upon these preferred embodiments, 1t would be apparent to
those of skill in the art that certain modifications, variations,
and alternative constructions would be apparent, while
remaining within the spirit and scope of the mmvention. In
order to determine the metes and bounds of the invention,
therefore, reference should be made to the appended claims.

We claim:

1. A non-transitory computer-readable medium having
instructions stored thereon that, when executed by a proces-
sor, cause the processor to analyze a performance of a busi-
ness 1ntelligence analytics application, the instructions com-
prising:

receiving one or more queries from a user of the business

intelligence analytics application;

generating, a response to each business intelligence ana-

lytics application query, wherein each response com-
prises a record from the intelligence analytics applica-
tion that includes one or more attributes stored within a
database, and wherein each query 1s associated with a
user, a modular component, and an action;

in response to the receipt of the one or more queries from

the user, automatically:

logging data associated with each of the one or more
queries within the database, wherein the logged data
comprises the user, the modular component, and the
action;

generating performance data based on an analysis of the
logged data, wherein the performance data comprises
data associated with one or more performance metrics
ol each query, and wherein the performance data 1s
stored within one of the database or a second data-
base;

generating one or more performance queries of the per-
formance data, wherein a response to each perior-
mance query comprises at least a portion of the one or
more performance metrics stored within the database;
and

delivering the portion of the one or more performance
metrics to the user.

2. The computer-readable medium of claim 1, wherein
cach of the logged data and the performance data further
comprises at least one query of the one or more queries, the
instructions further comprising:
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re-executing at least one query of the one or more queries
included within the performance data against the data-
base; and

providing additional performance data not previously pre-

sented 1n the portion of the one or more performance
metrics.

3. The computer-readable medium of claim 2, wherein the
at least one query 1s stored 1n an extensible markup language
format.

4. The computer-readable medium of claim 2, wherein
cach of the logged data and the performance data further
comprises, for each query of the at least one query, a query
arrival time and a query completion time.

5. The computer-readable medium of claim 1, wherein the
database comprises a hybrid search-analytical database.

6. The computer-readable medium of claim 5, wherein the
hybrid search-analytical database comprises a plurality of
records, and wherein each record comprises 1ts own seli-
describing schema.

7. The computer-readable medium of claim 1, wherein the
performance data 1s aggregated by at least one of: query,
modular component, action, or user session.

8. The computer-readable medium of claim 1, wherein the
one or more performance metrics comprise, for each query of
the one or more queries, at least one of: query time, system
utilization, system contention, percentage of system used, or
query content.

9. The computer-readable medium of claim 1, wherein the
logged data further comprises metadata associated with at
least one query of the one or more queries.

10. The computer-readable medium of claim 9, wherein the
metadata comprises at least one of: a hypertext transier pro-
tocol header, a percentage of data stores that were selected,
one or more attributes related to the data stores, or one or more
threads used to complete at least one query of the one or more
queries.

11. A computer-implemented method for analyzing a per-
formance of a business intelligence analytics application, the
computer-implemented method comprising:

receving one or more queries from a user of the business

intelligence analytics application;

generating a response to each business intelligence analyt-

ics application query, wherein each response comprises
a record from the intelligence analytics application that
includes one or more attributes stored within a database,
and wherein each query is associated with a user, a
modular component, and an action;

logging data associated with each of the one or more que-

ries within the database, wherein the logged data com-

prises the user, the modular component, and the action;

in response to the receipt of the one or more queries from

the user, automatically:

generating performance data based on an analysis of the
logged data, wherein the performance data comprises
data associated with one or more performance metrics
ol each query, and wherein the performance data 1s
stored within one of the database or a second data-
base;

generating one or more performance queries of the per-
formance data, wherein a response to each perfor-
mance query comprises at least a portion of the one or
more performance metrics stored within the database;
and

delivering the portion of the one or more performance
metrics to the user.

12. The computer-implemented method of claim 11,
wherein each of the logged data and the performance data
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turther comprises at least one query of the one or more que-
ries, the method further comprising:

re-executing at least one query of the one or more queries

included within the performance data against the data-
base; and

providing additional performance data not previously gen-

crated.

13. The computer-implemented method of claim 11,
wherein each of the logged data and the performance data
turther comprises, for each query of the at least one query, a
query arrival time and a query completion time.

14. The computer-implemented method of claim 11,
wherein the performance data 1s aggregated by at least one of:
query, modular component, action, or user session.

15. The computer-implemented method of claim 11,
wherein the one or more performance metrics comprise, for
cach query of the one or more queries, at least one of: query
time, system utilization, system contention, percentage of
system used, or query content.

16. A performance analysis system, comprising:

a Processor;

a query recerving module configured to recerve one or more
queries from a user of the business intelligence analytics
application, that generates a response to each business
intelligence analytics application query, wherein each
response comprises a record from the intelligence ana-
lytics application that includes one or more attributes
stored within a database, and wherein each query 1s
associated with a user, a modular component, and an
action;

a logging module configured to log in response to the
receipt of the one or more queries from the user, data
associated with each of the one or more queries within
the database, wherein the logged data comprises the
user, the modular component, and the action;
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a performance module configured to generate, 1n response
to the receipt of the one or more queries from the user,
performance data based on an analysis of the logged
data, wherein the performance data comprises data asso-
ciated with one or more performance metrics of each
query, and wherein the performance data 1s stored within
one of the database or a second database:

a performance query module configured to generate, 1n
response to the receipt of the one or more queries from
the user, one or more performance queries of the perfor-
mance data, wherein a response to each performance
query comprises at least a portion of the one or more
performance metrics stored within the database; and

delivering the portion of the one or more performance
metrics to the user.

17. The performance analysis system of claim 16, wherein
cach of the logged data and the performance data further
comprises at least one query of the one or more queries, the
performance analysis system further comprising:

a query execution module configured to re-execute at least
one query of the one or more queries included within the
performance data against the database and to provide
additional performance data not previously generated.

18. The performance analysis system of claim 16, wherein
cach of the logged data and the performance data further
comprises, for each query of the at least one query, a query
arrival time and a query completion time.

19. The performance analysis system of claim 16, wherein
the performance data 1s aggregated by at least one of: query,
modular component, action, or user session.

20. The performance analysis system of claim 16, wherein
the one or more performance metrics comprise, for each
query ol the one or more queries, at least one of: query time,
system utilization, system contention, percentage ol system
used, or query content.
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